We herein report the rare case of a 56-year-old man who suffered from heat stroke. Although he was in a coma with convulsions on arrival and developed multiorgan failure, he recovered after two weeks of successful treatments. Hyperintense signals on the right temporoparietooccipital cortex, which disappeared within one week, were demonstrated on diffusion-weighted magnetic resonance images. A diagnosis of transient cortical injury caused by heat stroke was suggested. Although the cerebellum is most susceptible to lesion formation, the mechanisms underlying heat stroke are multifactorial and may result in a variety of brain lesions.
Introduction
Exposure to high environmental temperatures or strenuous exercise can cause thermoregulatory failure. The most severe condition is heat stroke, which results in consciousness disturbance, convulsions and multiorgan failure. Heat stroke is often fatal, and those who do survive may sustain permanent neurologic damage (1) . The brain is one of the organs that is most vulnerable to heat stroke, and brain lesions caused by heat stroke are bilateral and symmetrical in most cases (2) (3) (4) (5) (6) (7) (8) . We herein report the first case of a patient with heat stroke presenting with focal reversible cortical lesions demonstrated on diffusion-weighted magnetic resonance imaging (MRI).
Case Report
A 56-year-old man felt general malaise and lost consciousness, while working as a mountain trail guide on a hot summer day. Three hours passed before emergency medical services rescued him. His axillary temperature was 39.4 . External cooling was promptly initiated, and he was transferred to our hospital. On arrival, his bladder temperature was 39.6 , his blood pressure was 99/60 mmHg and his heart rate was 132 beats/min. No obvious trauma was found, including head injury. The Glasgow Coma Scale score was 8 (E3, V1, M4), and tonic-clonic seizures of the bilateral arms were observed. Brain computed tomography showed no abnormal findings. The patient was immediately intubated, treated with anticonvulsants and admitted to the intensive care unit. External cooling was continued with cooling blankets. The patient developed severe liver dysfunction, rhabdomyolysis and disseminated intravascular coagulation (DIC), which was treated with transfusion of fresh frozen plasma. Brain MRI was performed three days after admission. Diffusion-weighted images (DWI) demonstrated hyperintense signals on the right temporoparietooccipital cortex (Fig. 1a) . Fluid-attenuated inversion recovery (FLAIR) images obtained at the same time showed swelling of the cortical ribbon and decreased subcortical white matter signal intensity of the right temporoparietooccipital lobes (Fig. 1b) . Electroencephalography (EEG) findings obtained the same day showed spikes originating predominantly from the right temporoparietooccipital region with secondary generalization during clinical seizures (Fig. 2) . The right-side dominance was most prominent in the temporal (T4) and occipital (O2) electrodes at the end of the seizure discharges. A cerebrospi- , a glucose level of 89 mg/dL (serum glucose level: 146 mg/dL) and a protein level of 56 mg/dL. The patient's CSF pressure was elevated higher than 200 mmH2O. A CSF culture and PCR analysis of herpes simplex virus DNA showed negative findings. The patient's consciousness disturbance and seizures resolved rapidly and the laboratory abnormalities improved. Followup MRI performed six days after admission revealed hyperintense signals on the subcortical white matter on FLAIR images (Fig. 1d) . EEG performed on day 13 showed no abnormal findings. The patient was discharged from our hospital without abnormal neurological findings on day 15.
Discussion
Heat stroke is characterized by elevated core temperatures higher than 40 and central nervous system dysfunction that results in delirium, convulsions or coma (1). The temperature of our patient did not reach 40 on admission. This may be due to the fact that he had already been externally cooled with cooling blankets in the ambulance. The clinical findings of consciousness disturbance, convulsions and multiorgan dysfunction indicated that he had suffered from heat stroke.
To the best of our knowledge, this is the first report of a case of a heat stroke patient with focal reversible cortical injury demonstrated on MRI. EEG showed focal epileptic discharges from the lesion. The cerebellum is most susceptible to lesion formation in patients with heat stroke. Previous case studies using MRI have shown lesions or atrophy of the cerebellum as well as cerebellar symptoms such as limb ataxia (2) (3) (4) (5) (6) (7) (8) . Such findings are explained by the selective vulnerability of Purkinje cells to heat-induced injury (3). However, lesions in the caudate nucleus (4), hippocampus (4, 5), external capsule (6), thalamus (6), splenium of the corpus callosum (7) and subcortical white matter (4) have also been detected on MRI. Cortical lesions have been observed in some heat stroke patients. Akaboshi et al. reported cortical laminar necrosis in the bilateral vascular boundary zones caused by decreases in blood flow in a 10-month-old boy with heat stroke (9) . However, vascular boundary zone abnormalities were not observed in our patient. Therefore, the mechanisms underlying the cortical injury in our patient may be different from those present in the patient reported by Akaboshi et al. Sudhakar et al. reported involvement of the cortex and cerebellum in a 2-yearold girl who suffered from heat stroke (5). Additionally, animal experiments have shown that rats exposed to heat stress frequently exhibit disruption of the blood-brain barrier in the cerebral cortices that results in vasogenic brain edema (10) .
Damage to the brain caused by heat stroke may be multifactorial. Excessive production of cytokines can disrupt the blood-brain barrier, which results in vasogenic edema. Microthrombosis can result in small vessel ischemic damage, and heat itself can be directly cytotoxic. Brain damage can be transient or eventually result in irreversible injury (1, 4) . Transient hyperintense signals in the right temporoparietooccipital cortex on DWI in our patient suggest the presence of transient cortical injury that may have been caused by vasogenic edema. Fujioka et al. reported the usefulness of the apparent diffusion coefficient (ADC) for differentiating vasogenic edema from cytotoxic edema in a heat stroke patient (8) . Cytotoxic edema in the cerebellar cortex in their patient was suggested by the presence of hyperintense signals on DWI and a decrease in the ADC. Two months after the onset of heat stroke, dysmetria of the extremities in their patient worsened, and the cerebellum became atrophic. A diagnosis of irreversible neuronal damage caused by cytotoxic edema was considered. Because our patient did not develop any sequelae, follow-up MRI was not performed after discharge. However, follow-up MRI should be performed in patients with residual neurological findings. Subcortical white matter lesions compatible with small vessel disease were also detected on FLAIR images on follow-up MRI of our patient performed during hospitalization. These findings may have been associated with DIC, which was observed in our patient on admission. DIC can cause microthrombosis and results in small vessel ischemic damage (1, 4) .
Another unique finding in our patient was focal lesions. Most previous case reports have reported bilateral lesions in heat stroke patients. However, even in one patient with bilateral cerebellar lesions, the size of the lesions differed between the hemispheres (4). Furthermore, the bilateral cortical lesions were not symmetric in one heat stroke patient (5). These findings suggest that the threshold of lesion formation for heat stroke may differ; alternatively, the sever-ity of heat stress cannot always be the same in both hemispheres. Although our patient showed focal lesions, the long duration of heat exposure might also have caused the bilateral lesions observed in this case.
It may be argued that the cortical lesions revealed on MRI in our patient were merely the consequence of convulsive seizures. MRI can show transient abnormal signals in the cortex during status epilepticus (11) . It is very difficult to determine whether these findings reflect either the primary lesions or the post-epileptic changes only. We therefore reasonably assume that both the primary changes due to heat stroke and the secondary cortical changes due to seizures might have contributed to the MRI findings observed in this case.
In conclusion, physicians should recognize that the mechanisms underlying heat stroke are multifactorial and may result in a variety of brain lesions. Providing early diagnosis and management of heat stroke is very important because it may determine the prognosis.
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